. In such sports, the environment is constantly changing and movements have to be continually adapted, so they are also called "externally paced skills" (Singer, 1980) . In competitions, the main source of this continuous variation is the opponents' behaviour and actions-above all, strategic feints meant to confuse or fool the other competitors. In many team sports, actions by teammates also must be taken into account. Task-relevant information, often complex and dynamically changing (i.e. ball, opponents, attack area, etc.), must be extracted quickly from the visual field while ignoring unimportant or distracting stimuli. The ability to process spatial information and perceive differences or asymmetries correctly in both hemi-visual fields allows athletes to perform successfully. In contrast, in "closed skill" sports, the environment remains substantially unchanged and there is less need for distribution of visuospatial attention.
Some studies have assessed the ability to allocate visual attention (McAuliffe, 2004; Casteillo & Umiltà, 1992; Nougier, Ripoll, & Stein, 1989) . A recent study exploring visual search strategies in open-skill soccer players found that they were faster than non-athletes in switching attention from local to global focus and more rapid to "zoom-out" the focus of attention (Pesce, Tessitore, Casella, Pirritano, & Capranica, 2007) ; but no data are available on visuospatial attention anisotropy (i.e., directional non-uniformity) Visuospatial attention can be assessed using the line-length judgment task, a version of Milner's modified Landmark task (Milner, Harvey, Roberts, & Forster, 1993) . This task has been extensively used to assess visuospatial attention distribution in healthy respondents (McAuliffe, 2004) and in patients with visuospatial deficits (Bisiach, Ricci, Lualdi, & Colombo, 1998) .
People affected by right parietal damage and spatial neglect estimate or perceive the left segment shorter and the right one longer than their real size (Bisiach, et al., 1998) . These individuals show attentional-spatial biases that cause inattention to the left side of the space or the left side of the presented stimulus, regardless of its position in the environment. In contrast, the general population tends to overestimate the left hemispace: a phenomenon known as pseudoneglect (Bowers & Heilman, 1980 ) and interpreted as due to physiological hemispheric imbalance in visuospatial attention control (Kinsbourne, 1970) . This finding has been more recently confirmed in a large meta-analysis study of bisection performance (Jewell & McCourt, 2000) . On this basis, 
Measures
All participants gave their informed consent to participate in the study, which was conducted in accordance with the Declaration of Helsinki. A semi-structured questionnaire was distributed to all participants to assess frequency of sport training.
Procedures
Each participant underwent the experimental procedure as follows: the participants were comfortably seated on a chair in front of a 15" laptop computer screen at the distance subjectively considered optimal for reading (M distance for all subjects= 57 cm, SD=5.4). No statistically significant difference in mean distance was present among groups. The participant's seat was positioned so that the eye level was at the middle of the display monitor centered on the (Fierro, Brighina, Oliveri, Piazza, La Bua, Buffa, et al., 2000) . Tachistoscopic stimulus presentation of 50 msec. duration was used to prevent visual scanning. Before stimulus presentation, the participant was required to fixate on a central target (a black asterisk) that disappeared after 250 msec. as soon as the visual stimulus was flashed.
After the presentation of the stimulus the participants were instructed to make a forced-choice decision about the respective length of the two segments, pressing as soon as possible one of the three keys marked over an Italian computer QWERTY keyboard, corresponding to the response possibilities: ''equal''(key N), ''longer right'' (key M) or ''longer left"(key B). The accuracy and reaction times (RTs) of the participants on each trial were recorded and collected. The software used for the aim was Psyscope X (Cohen, MacWhinney, Flatt, & Provost, 1993) .
Leftward error was when Lines 4 and 5 were judged equal or longer on the left or when Line 1 was judged longer on the left. Rightward error was when Lines 2 and 3 were judged equal or longer on the right or when Line 1 was judged longer on the right.
Analysis
One-way analysis of variance (ANOVA) was used to compare age and the total workload (Fig.1) .
Errors
The one-way ANOVA for the percentage of errors in the three groups of athletes and controls showed a significant main effect (F 3,53 .008) (Fig. 2) .
The correlation between total workload of training and percentage of correct responses in the three groups of athletes was not statistically significant (r= .15, p=.40) . Also the analysis including only the volleyball players (national-level versus regional-level volleyball groups) was not statistically significant (r=.37, p=.08).
DISCUSSION
Results indicated that open skill higher-trained athletes (national-level volleyball players)
were more accurate in the line-bisection judgment task and made a lower number of leftward errors compared to all other groups. Since no difference in rightward bias across all groups was found, one might speculate that training at higher levels of open-skill sports-or gaining a commensurate amount of experience-can improve spatial judgment. However, considering the design of the study, one cannot exclude that the differences between groups are due to a combination of aptitude, motivation (self-selection), and training. There were no statistically significant differences in percentages of errors towards left or right found in the other three groups; only controls had a small (but not statistically significant) leftward bias. The VISUOSPATIAL ATTENTION LATERALIZATION 8 demographic characteristics of participants and the modality of presentation of the line could explain the results (Jewell & McCourt, 2000) . The peculiar, statistically significant improvement in the left hemifield in national-level volleyball players could be considered as a trend to counteract the physiological hemispheric imbalance in visuospatial attention control (Kinsbourne, 1970) . One could argue that the greater attention to the left hemispace would result in more accurate, faster perception related to high-level training in the open skill athletes. This would need to be assessed specifically using a better design and a larger, more carefully chosen sample-and preferably a longitudinal design.
The same accuracy in the task was not found in the open-skill regional-level volleyball players; neither they nor the regional-level closed skill rowers differed from controls, indicating that the effect was related to the skill (or experience) level of the athletes rather than to the type of sport. In the results, reaction times (RTs) were shorter in the open skill player groups than in closed skill and sedentary groupe, suggesting that in higher-trained volleyball players the accuracy of responses was maintained in spite of the faster responses.
It is known that open skill athletes show a smaller "cueing effect" when compared to nonathletes. The spatial cuing paradigm, first described by Posner (1980) , is considered an index of the ability to allocate attention. In this paradigm, the visual stimulus is preceded by a cue that can provide the correct (valid trials) or erroneous (invalid trials) information about the location of the stimulus. In general, RTs for valid trials are faster than the ones for invalid trials and the difference is called the "cuing effect." The studies of Casteillo and Umiltà (1992) and Nougier, et al. (1989) showed that athletes had approximately the same RTs as nonathletes on valid trials but had much faster RTs on invalid trials. Moreover, Enns and Richards (1992) found that this difference was larger for more highly trained open-skill athletes (hockey players of two skill levels). This phenomenon was interpreted as the ability of these athletes to ignore deceptive stimuli, such as occur during the perception of and response to feints. However, these results
were not supported by others (McAuliffe, 2004) who found university-level female volleyball players had longer RTs on both valid and invalid trials. However, McAuliffe suggested the difference was due to an experimental paradigm that required involuntary, reflexive orientation of attention.
Although the mechanisms that lead to distribution of spatial attention in a line-bisection task are still unclear (Bowers & Heilman, 1980) , it is known that it can be modified according to VISUOSPATIAL ATTENTION LATERALIZATION 9 "modulating stimuli," such as height, position (Jewell & McCourt, 2000; McCourt, Garlinghouse, & Reuter-Lorenz, 2005) , contrast (Bradshaw, Nathen, Nettleton, Wilson, & Pierson, 1987) , and geometry of the line (McCourt, et al., 2005) . Therefore it has been speculated that systematic errors in perceiving the midpoint in the line judgment task are not linked to a perceptual phenomenon (pre-attentive), but to differences in the distribution of visuospatial attention (McCourt, et al., 2005) . It was speculated that training to ignore feints in the open-skill athletes might have improved their ability to rapidly allocate attention, resulting in decreased RTs. However, only higher level competitors among the open skill players had better performance in the spatial perception task, and presumably a better distribution of spatial attention. The correlation between performance (correct responses) and total workload in volleyball players was not significant, which seems to support the hypothesis of a priori aptitude rather than an effect of training on visuospatial accuracy. National-level rowers appear not to differ from controls, suggesting that the stable sport environment did not train their ability to distribute visuospatial attention, or that they are self-selected when entering and persisting in their sport and do not have superior ability in this area. The rowers were younger than the other two groups of athletes, but they performed at a higher competitive level and their total workload did not differ from that of national-level volleyball players. Indeed, rowing can be considered only a partially closed-skill sport, because even if in a relatively stable environment, athletes have to adapt their movements to different weather conditions and currents.
Apparently, this is the first study investigating the lateralization of visuospatial attention in athletes and it shows there are differences but only at the highest level of competition. It also seems to suggest a potential for changes in visuospatial attention with training in open-skill sports, although this speculation assumes the differences are due to training and not selection give information about longitudinal changes with training within subjects.
It is important to emphasize that the laboratory setting is very different from the open space in which the athletes actually perform sports. Physical stress and "time pressure" must be also taken into account in the real context of sport, during which the perceptive ability of players could be differently adapted. Moreover, the possibility that athletes belonging to higher performance categories-rather than the more experienced-were self-selected on the basis of their natural abilities can be considered. Vertical bars denote 95% confidence intervals. * p<.05
